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SURVELLANCE OF STRESS CONDITIONS 
OF PERSONS USING MICRO-MPULSE 

RADAR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is related to and claims the 
benefit of the earliest available effective filing date(s) from 
the following listed application(s) (the “Related Applica 
tions”) (e.g., claims earliest available priority dates for other 
than provisional patent applications or claims benefits under 
35 USC S 119(e) for provisional patent applications, for any 
and all parent, grandparent, great-grandparent, etc. applica 
tions of the Related Application(s)). 

RELATED APPLICATIONS 

0002 For purposes of the USPTO extra-statutory require 
ments, the present application constitutes a continuation-in 
part of the following United States Patent Applications: 
0003) Application Ser. No. 12/930,043, entitled 
METHOD AND APPARATUS FOR MEASURING THE 
MOTION OF A PERSON, naming Mahalaxmi Gita Bangera, 
Roderick A. Hyde, Muriel Y. Ishikawa, Edward K. Y. Jung, 
Jordin T. Kare, Eric C. Leuthardt, Nathan P. Myhrvold, Eliza 
beth A. Sweeney, Clarence T. Tegreene, David B. Tuckerman, 
Thomas A. Weaver, Lowell L. Wood, Jr., and Victoria Y. H. 
Wood as inventors, filed on Dec. 22, 2010, which is currently 
co-pending, or is an application of which a currently co 
pending application is entitled to the benefit of the filing date; 
0004. Application Ser. No. 12/928.703, entitled TRACK 
ING IDENTITIES OF PERSONS USING MICRO-IM 
PULSE RADAR, naming Mahalaxmi Gita Bangera, Roder 
ick A. Hyde, Muriel Y. Ishikawa, Edward K.Y. Jung, Jordin T. 
Kare, Eric C. Leuthardt, Nathan P. Myhrvold, Elizabeth A. 
Sweeney, Clarence T. Tegreene, David B. Tuckerman, Tho 
mas A. Weaver, Lowell L. Wood, Jr., and Victoria Y. H. Wood 
as inventors, filed on Dec. 16, 2010, which is currently co 
pending, or is an application of which a currently co-pending 
application is entitled to the benefit of the filing date: 
0005. Application Ser. No. 12/925,407, entitled MEDIA 
OUTPUT WITH MICRO-IMPULSE RADAR FEEDBACK 
OF PHYSIOLOGICAL RESPONSE, naming Mahalaxmi 
Gita Bangera, Roderick A. Hyde, Muriel Y. Ishikawa, Edward 
K. Y. Jung, Jordin T. Kare, Eric C. Leuthardt, Nathan P. 
Myhrvold, Elizabeth A. Sweeney, Clarence T. Tegreene, 
David B. Tuckerman, Lowell L. Wood, Jr., and Victoria Y. H. 
Wood as inventors, filed on Oct. 20, 2010, which is currently 
co-pending, or is an application of which a currently co 
pending application is entitled to the benefit of the filing date; 
0006. Application Ser. No. 12/924,036 entitled CON 
TROL OF AN ELECTRONIC APPARATUS USING 
MICRO-IMPULSE RADAR, naming Mahalaxmi Gita 
0007 Bangera, Roderick A. Hyde, Muriel Y. Ishikawa, 
Edward K.Y. Jung, Jordin T. Kare, Eric C. Leuthardt, Nathan 
P. Myhrvold, Elizabeth A. Sweeney, Clarence T. Tegreene, 
David B. Tuckerman, Lowell L. Wood, Jr., and Victoria Y. H. 
Wood as inventors, filed on Sep. 17, 2010, which is currently 
co-pending, or is an application of which a currently co 
pending application is entitled to the benefit of the filing date; 
and 
0008. Application Ser. No. 127655,808, entitled MICRO 
IMPULSE RADAR DETECTION OF A HUMAN DEMO 
GRAPHIC AND DELIVERY OF TARGETED MEDIA 
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CONTENT, naming Mahalaxmi Gita Bangera, Roderick A. 
Hyde, Muriel Y. Ishikawa, Edward K.Y. Jung, Jordin T. Kare, 
Eric C. Leuthardt, Nathan P. Myhrvold, Elizabeth A. 
Sweeney, Clarence T. Tegreene, David B. Tuckerman, Lowell 
L. Wood, Jr., and Victoria Y. H. Wood as inventors, filed on 
Jan. 5, 2010, which is currently co-pending, or is an applica 
tion of which a currently co-pending application is entitled to 
the benefit of the filing date. 
0009. The United States Patent Office (USPTO) has pub 
lished a notice to the effect that the USPTO's computer pro 
grams require that patent applicants reference both a serial 
number and indicate whether an application is a continuation 
or continuation-in-part. Stephen G. Kunin, Benefit of Prior 
Filed Application, USPTO Official Gazette Mar. 18, 2003, 
available at http://www.uspto.gov/web/offices/com/sol/og/ 
2003/week 1 1/patbene.htm. The present Applicant Entity 
(hereinafter Applicant”) has provided above a specific ref 
erence to the application(s) from which priority is being 
claimed as recited by statute. Applicant understands that the 
statute is unambiguous in its specific reference language and 
does not require either a serial number or any characteriza 
tion, Such as "continuation' or “continuation-in-part for 
claiming priority to U.S. patent applications. Notwithstand 
ing the foregoing, Applicant understands that the USPTO's 
computer programs have certain data entry requirements, and 
hence Applicant is designating the present application as a 
continuation-in-part of its parent applications as set forth 
above, but expressly points out that such designations are not 
to be construed in any way as any type of commentary and/or 
admission as to whether or not the present application con 
tains any new matter in addition to the matter of its parent 
application(s). 
0010 All subject matter of the Related Applications and of 
any and all parent, grandparent, great-grandparent, etc. appli 
cations of the Related Applications is incorporated herein by 
reference to the extent Such subject matter is not inconsistent 
herewith. 

SUMMARY 

0011. According to an embodiment, a surveillance system 
can include a micro-impulse radar (MIR) configured to Sur 
vey a region. A controller can be configured to receive an 
input signal from the MIR, extract from the signal one or more 
physical or physiological attributes corresponding to a pre 
dicted human stress condition, and output a notification sig 
nal. 

0012. According to an embodiment, a method for surveil 
ling persons includes probing a region with a MIR to produce 
a MIR signal, decoding from the MIR signal physiological 
information corresponding to a person scanned by the MIR, 
and correlating the physiological information to a predicted 
stress condition. The method can include providing an indi 
cation of the predicted Stress condition of the person. 
0013. According to an embodiment, a non-transient com 
puter-readable medium can carry computer instructions con 
figured to cause a computer to perform steps including prob 
ing a region with a MIR to produce a MIR signal, decoding 
from the MIR signal physiological information correspond 
ing to a person scanned by the MIR, and correlating the 
physiological information to a predicted stress condition. The 
non-transient computer-readable instructions can also cause 
the computer to provide an indication of the predicted stress 
condition of the person. 
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0014. According to an embodiment, a system configured 
to track a person exhibiting a stress condition can include a 
first MIR configured to probe a first region at least partially 
occupied by a person and produce first MIR data related to 
one or more first attributes of the person, and a first computer 
processing resource operatively coupled to the first MIR and 
configured to predicta stress condition of the person from the 
one or more first attributes of the person included in the first 
MIR data. 
0015. According to an embodiment, a method for tracking 
a person with a stress condition includes probing a person 
with a MIR to produce a MIR signal, analyzing the MIR 
signal to determine a predicted stress condition correspond 
ing to the person, correlating the MIR signal with a video 
image of the person, and using video image processing to 
track the movements of the person with at least one video 
CaCa. 

0016. According to an embodiment, a non-transient com 
puter-readable medium can carry computer instructions con 
figured to cause a computer to perform steps including oper 
ating a MIR to probe a person to produce a MIR signal, 
analyzing the MIR signal to determine a predicted stress 
condition corresponding to the person, correlating the MIR 
signal with a video image of the person, and tracking the 
movements of the person with at least one video camera. 
0017. According to an embodiment, a system for evaluat 
ing a risk condition corresponding to a person can include a 
MIR configured to probe a plurality of persons to produce a 
MIR signal, a processor operatively coupled to the MIR and 
configured to determine one or more physiological param 
eters from each of the plurality of persons, and a computer 
operatively coupled to the processor and configured to receive 
the one or more physiological parameters, analyze the one or 
more physiological parameters, and indicate a person whose 
one or more physiological parameters are functionally related 
to the one or more physiological parameters of other persons. 
0018. According to an embodiment, a method for evalu 
ating a risk condition corresponding to a person can include 
operating a MIR configured to probe a plurality of persons to 
produce a MIR signal, determining one or more physiological 
parameters from the MIR signal corresponding to each of the 
plurality of persons, analyzing the one or more physiological 
parameters, and indicating a person whose one or more physi 
ological parameters are functionally related to the one or 
more physiological parameters of other persons. 
0019. According to an embodiment, a non-transient com 
puter-readable medium can carry computer instructions con 
figured to cause a computer to perform steps including oper 
ating a MIR configured to probe a plurality of persons to 
produce a MIR signal, determining one or more physiological 
parameters from the MIR signal corresponding to each of the 
plurality of persons, analyzing the one or more physiological 
parameters, and indicating a person whose one or more physi 
ological parameters are functionally related to the one or 
more physiological parameters of other persons. 
0020. The foregoing summary is illustrative only and is 
not intended to be in any way limiting. In addition to the 
illustrative aspects, embodiments, and features described 
above, further aspects, embodiments, and features will 
become apparent by reference to the drawings and the fol 
lowing detailed description. 

BRIEF DESCRIPTION OF THE FIGURES 

0021 FIG. 1 is a simplified block diagram of a micro 
impulse radar (MIR), according to an embodiment. 
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0022 FIG. 2 is a flow chart showing an illustrative process 
for determining the presence of a person in a region with the 
MIR of FIG. 1, according to an embodiment. 
0023 FIG.3 is a flow chart showing an illustrative process 
for determining a physiological parameter of a person in a 
region with the MIR of FIG. 1, according to an embodiment. 
0024 FIG. 4 is a block diagram of a surveillance system, 
according to an embodiment. 
0025 FIG. 5 is a flow chart showing a method for surveil 
ling persons, according to an embodiment. 
0026 FIG. 6 is a block diagram of a system configured to 
track a person exhibiting a stress condition, according to an 
embodiment. 
0027 FIG. 7 is a flow chart illustrating a method for track 
ing a person with a stress condition, according to an embodi 
ment. 

0028 FIG. 8 is a block diagram of a system for evaluating 
a risk condition corresponding to a person, according to an 
embodiment. 
(0029 FIG. 9 is a flow chart illustrating method for evalu 
ating a risk condition corresponding to a person, according to 
an embodiment. 

DETAILED DESCRIPTION 

0030. In the following detailed description, reference is 
made to the accompanying drawings, which form a part 
hereof. In the drawings, similar symbols typically identify 
similar components, unless context dictates otherwise. The 
illustrative embodiments described in the detailed descrip 
tion, drawings, and claims are not meant to be limiting. Other 
embodiments can be utilized, and other changes can be made, 
without departing from the spirit or scope of the subject 
matter presented here. 
0031 FIG. 1 is a simplified block diagram of a micro 
impulse radar (MIR) 101, according to an embodiment. A 
pulse generator 102 is configured to output a relatively short 
Voltage pulse that is applied to a transmit antenna 104. A 
typical transmitted pulse width can be between about two 
hundred picoseconds and about 5 nanoseconds, for example. 
The Voltage pulse can be conditioned and amplified (or 
attenuated) for output by a transmitter 108. For example, the 
transmitter 108 can transmit the Voltage pulse or can further 
condition the pulse, such as by differentiating a leading and/ 
or trailing edge to produce a short Sub-nanosecond transmit 
ted pulse. The Voltage pulse is typically not modulated onto a 
carrier frequency. Rather, the Voltage pulse transmission 
spectrum is the frequency domain transform of the emitted 
pulse. The MIR 101 can probe a region 110 by emitting a 
series of spaced Voltage pulses. For example, the series of 
Voltage pulses can be spaced between about 100 nanoseconds 
and 100 microseconds apart. Typically, the pulse generator 
102 emits the Voltage pulses with non-uniform spacing Such 
as random or pseudo-random spacing, although constant 
spacing can be used if interference or compliance is not a 
concern. Spacing between the series of Voltage pulses can be 
varied responsive to detection of one or more persons 112 in 
the region 110. For example, the spacing between pulses can 
be relatively large when a person 112 is not detected in the 
region 110. Spacing between pulses can be decreased (re 
sponsive to one or more commands from a controller 106) 
when a person 112 is detected in the region 110. For example, 
the decreased time between pulses can result in faster MIR 
data generation for purposes of more quickly determining 
information about one or more persons 112 in the region 110. 
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The emitted series of voltage pulses can be characterized by 
spectral components having high penetration that can pass 
through a range of materials and geometries in the region 110. 
0032. An object 112 (such as a person) in the probed 
region 110 can selectively reflect, refract, absorb, and/or oth 
erwise Scatter the emitted pulses. A return signal including a 
reflected, refracted, absorbed, and/or otherwise scattered sig 
nal can be received by a receive antenna 114. Optionally, the 
receive antenna 114 and transmit antenna 104 can be com 
bined into a single antenna. In a single antenna embodiment, 
a filter (not shown) can be used to separate the return signal 
from the emitted pulse. 
0033. A probed region 110 can be defined according to an 
angular extent and distance from the transmitantenna104 and 
the receive antenna 114. Distance can be determined by a 
range delay 116 configured to trigger a receiver 118 opera 
tively coupled to the receive antenna 114. For example, the 
receiver 118 can include a Voltage detector Such as a capture 
and-hold capacitor or network. The range delay corresponds 
to distance into the region 110. Range delay can be modulated 
to capture information corresponding to different distances. 
0034. A signal processor 120 can be configured to receive 
detection signals or data from the receiver 118 and the analog 
to digital converter 122, and by correlating range delay to the 
detection signal, extract data corresponding to the probed 
region 110 including the object 112. 
0035. Optionally, the MIR 101 can include a second 
receive antenna 114b. The second receive antenna can be 
operatively coupled to a second receiver 118b coupled to an 
output of the range delay 116 or a separate range delay (not 
shown) configured to provide a delay selected for a depth into 
the region 110. The signal processor 120 can further receive 
output from a second A/D converter 122b operatively coupled 
to the second receiver 118b. 
0036. The signal processor 120 can be configured to com 
pare detection signals received by the antennas 114,114b. For 
example, the signal processor 120 can search for common 
signal characteristics such as similar reflected Static signal 
strength or spectrum, similar (or corresponding) Doppler 
shift, and/or common periodic motion components, and com 
pare the respective range delays corresponding to detection 
by the respective antennas 114, 114b. Signals sharing one or 
more characteristics can be correlated to triangulate to a loca 
tion of one or more objects 112 in the region 110 relative to 
known locations of the antennas 114, 114b. The triangulated 
locations can be output as computed ranges of angle or com 
puted ranges of extent. 
0037 For example, a first signal corresponding to a 
reflected pulse received by an antenna element 114 can be 
digitized by an analog-to-digital converter (A/D) 122 to form 
a first digitized waveform. A second signal corresponding to 
the reflected pulse received by a secondantenna element 114b 
can similarly be digitized by and A/D 122b (or alternatively 
by the same A/D converter 122) to form a second digitized 
waveform. The signal processor 120 can compare the first and 
second digitized waveforms and deduce angular information 
from the first and second digitized waveforms and known 
geometry of the first and second antenna elements. 
0038 A second pulse can be received at a second range 
delay 116 value and can be similarly signal processed to 
produce a second set of angular information that maps a 
second Surface at a different distance. Depth within a given 
range delay can be inferred from a strength of the reflected 
signal. A greater number of signals can be combined to pro 
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vide additional depth information. A series of pulses can be 
combined to formatime series of signals corresponding to the 
object 112 that includes movement information of the object 
112 through the region 110. The object 112 described herein 
can include one or more persons. 
0039. The signal processor 120 outputs MIR data. The 
MIR data can include object location information, object 
shape information, object Velocity information, information 
about inclusion of high density and/or conductive objects 
Such as jewelry, cellphones, glasses including metal, etc., and 
physiological information related to periodic motion. The 
MIR data can include spatial information, time-domain 
motion information, and/or frequency domain information. 
Optionally, the MIR data can be output in the form of an 
image. MIR data in the form of an image can include a Surface 
slice made of pixels or a volume made of voxels. Optionally, 
the image can include vector information. 
0040. The MIR data from the signal processor 120 is out 
put to a signal analyzer 124. The signal analyzer 124 can be 
integrated with the signal processor 120 and/or can be 
included in the same MIR 101, as shown. Alternatively, the 
signal processor 120 can output MIR data through an inter 
face to a signal analyzer 124 included in an apparatus separate 
from the MIR 101. 
0041. A signal analyzer 124 can be configured to extract 
desired information from MIR data received from the signal 
processor 120. Data corresponding to the extracted informa 
tion can be saved in a memory for access by a data interface 
126 or can be pushed out the data interface 126. 
0042. The signal analyzer 124 can be configured to deter 
mine the presence of a person 112 in the region 110. For 
example, MIR data from the signal processor can include data 
having a static spectrum at a location in the region 110, and a 
periodic motion spectrum corresponding to the location char 
acteristic of a human physiological process (e.g. heartbeat 
and/or breathing). From the correspondence of such MIR 
data, it can be deduced that a person 112 is at the location in 
the region 110. The signal analyzer 124 can be configured to 
determine a number of persons 112 in the region 110. The 
signal analyzer 124 can be configured to determine the size of 
aperson and/or relative size of anatomical features of a person 
112 in the region 110. The signal analyzer 124 can be con 
figured to determine the presence of an animal 112 in the 
region 110. The signal analyzer 124 can be configured to 
determine movement and/or speed of movement of a person 
112 through the region 110. The signal analyzer 124 can be 
configured to determine or infer the orientation of a person 
112 Such as the direction a person is facing relative to the 
region 110. The signal analyzer 124 can be configured to 
determine one or more physiological aspects of a person 112 
in the region 110. The signal analyzer 124 can determine 
presence of a personal appliance Such as a cell phone, PDA, 
etc. and/or presence of metalized objects such as credit cards, 
Smart cards, access cards, etc. The signal analyzer 124 can 
infer the gender and age of one or more persons based on 
returned MIR data. For example, male bodies can generally 
be characterized by higher mass density than female bodies, 
and thus can be characterized by somewhat greater reflectiv 
ity at a given range. Adult female bodies can exhibit relatively 
greater harmonic motion ("jiggle”) responsive to movements, 
and canthus be correlated to harmonic spectra characteristics. 
Older persons generally move differently than younger per 
Sons, allowing an age inference based on detected movement 
in the region 110. 
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0043. By determination of one or more such aspects and/ 
or combinations of aspects, the signal analyzer 124 can deter 
mine a demographic of one or more persons 112 in the region 
110. 

0044) For example, MIR data can include movement cor 
responding to the beating heart of one or more persons 112 in 
the region 110. The signal analyzer 124 can filter the MIR 
data to remove information not corresponding to a range of 
heart rates, and determine one or more heart rates by compar 
ing movement of the heart surface to the MIR signal rate. The 
one or more heart rates can further be characterized according 
to a confidence factor, depending on statistical certainty 
regarding the determined one or more heart rates. 
0045 Similarly, the signal analyzer 124 can determine one 
or more respiration rates by measuring movement corre 
sponding to the chest or diaphragm of one or more persons 
112. The signal analyzer 124 can determine movement, a 
direction of movement, and/or a rate of movement of one or 
more persons 112 in the region 110. Operation of the signal 
analyzer 124 is described in greater detail below by reference 
to FIGS. 2 and 3. 
0046. An electronic controller 106 can be operatively 
coupled to the pulse generator 102, the transmitter 108, the 
range delay 116, the receiver 118, the analog-to-digital con 
Verter 122, the signal processor 120, and/or the signal ana 
lyzer 124 to control the operation of the components of the 
MIR 101. For embodiments so equipped, the electronic con 
troller 106 can also be operatively coupled to the second 
receiver 118b, and the second analog-to-digital converter 
122b. The data interface 126 can include a high speed inter 
face configured to output data from the signal analyzer 124. 
Alternatively, for cases where signals are analyzed externally 
to the MIR, the data interface 126 can include a high speed 
interface configured to output MIR data from the signal pro 
cessor 120. The data interface 126 can include an interface to 
the controller 106. Optionally, the controller 106 can be inter 
faced to external systems via a separate interface (not shown). 
0047 FIG. 2 is a flow chart showing an illustrative process 
201 for determining the presence of one or more persons 112 
in the region 110 with the signal analyzer 124 of the MIR 101, 
according to an embodiment. Beginning with step 202, MIR 
data is received as described above in conjunction with FIG. 
1. The MIR data can correspond to a plurality of probes of the 
region 110. Proceeding to optional step 204, the MIR data can 
be enhanced to facilitate processing. For example, grayscale 
data corresponding to static reflection strength as a function 
of triangulated position can be adjusted, compressed, quan 
tized, and/or expanded to meet a desired average signal 
brightness and range. Additionally or alternatively, Velocity 
information corresponding to Doppler shift, and/or frequency 
transform information corresponding to periodically varying 
Velocity can similarly be adjusted, compressed, quantized, 
and/or expanded. Systematic, large scale variations in bright 
ness can be balanced. Such as to account for side-to-side 
variations in antenna coupling to the region. Contrast can be 
enhanced such as to amplify reflectance variations in the 
region. 
0048 Proceeding to optional step 206, a spatial filter can 
be applied. Application of a spatial filter can reduce process 
ing time and/or capacity requirements for Subsequent steps 
described below. The spatial filter may, for example, include 
a computed angle or computed extent filter configured to 
remove information corresponding to areas of contrast, 
Velocity, or frequency component(s) having insufficient 
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physical extent to be large enough to be an object of interest. 
The spatial filter may, for example, identify portions of the 
region 110 having Sufficient physical extent to correspond to 
body parts or an entire body of a person 112, and remove 
features corresponding to Smaller objects such as Small ani 
mals, leaves of plants, or other clutter. According to an 
embodiment, the spatial filter can remove information corre 
sponding to areas of contrast, Velocity, or frequency compo 
nent(s) having physical extent greater than a maximum angle 
or extent that is likely to correspond to a person or persons 
112. In other embodiments, the spatial filter applied in step 
206 can eliminate small, low contrast features, but retain 
Small, high contrast features such as jewelry, since Such body 
ornamentation can be useful in some Subsequent processes. 
The step of applying the spatial filter 206 can further include 
removing background features from the MIR data. For 
example, a wall lying between an antenna 104. 114 and the 
region 110 can cast a shadow such as a line in every MIR 
signal. Removal of Such constant features can reduce Subse 
quent processing requirements. 
0049 Proceeding to optional step 208, an edge-finder can 
identify edges of objects 112 in the region 110. For example, 
a global threshold, local threshold, second derivative, or other 
algorithm can identify edge candidates. Object edges can be 
used, for example, to identify object shapes, and thus relieve 
Subsequent processes from operating on grayscale data. 
Alternatively, step 208 can be omitted and the process of 
identifying objects can be performed on the grayscale MIR 
data. 
0050 Proceeding to step 210, processed data correspond 
ing to the MIR data is compared to a database to determine a 
match. The object data received from step 202 (and optionally 
steps 204, 206, and/or 208) can be compared to correspond 
ing data for known objects in a shape database. Step 210 can 
be performed on a grayscale signal, but for simplicity of 
description it will be assumed that optional step 208 was 
performed and matching is performed using object edges, 
Velocity, and/or spectrum values. For example, the edge of an 
object 112 in the region 110 can include a line corresponding 
to the outline of the head and torso, cardiac spectrum, and 
movements characteristic of a young adult male. A first shape 
in the shape database can include the outline of the head and 
torso, cardiac spectrum, density, and movements characteris 
tic of a young adult female and/or the head and torso outline, 
cardiac spectrum, density, and movements characteristic of a 
generic human. The differences between the MIR data and the 
shape database shape can be measured and characterized to 
derive a probability value. For example, a least-squares dif 
ference can be calculated. 

0051 Optionally, the object shape from the MIR data can 
be stepped across, magnified, and stepped up and down the 
shape database data to minimize a Sum-of-squares difference 
between the MIR shape and the first shape in the shape data 
base. The minimum difference corresponds to the probability 
value for the first shape. 
0052 Proceeding to step 212, if the probability value for 
the first shape is the best probability yet encountered, the 
process proceeds to step 214. For the first shape tested, the 
first probability value is the best probability yet encountered. 
If an earlier tested shape had a higher probability to the MIR 
data, the process loops back from step 212 to step 210 and the 
fit comparison is repeated for the next shape from the shape 
database. 
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0053. In step 214, the object type for the compared shape 
from the shape database and the best probability value for the 
compared shape are temporarily stored for future comparison 
and/or output. For example, the compared shape from the 
shape database can be identified by metadata that is included 
in the database or embedded in the comparison data. Proceed 
ing to step 216, the process either loops back to step 210 or 
proceeds to step 218, depending on whether a test is met. If 
the most recently compared shape is the last shape available 
for comparison, then the process proceeds to step 218. 
Optionally, if the most recently compared shape is the last 
shape that the process has time to compare (for example, if a 
new MIR data is received and/or if another process requires 
output data from the process 201) then the process proceeds to 
step 218. In step 218, the object type and the probability value 
is output. The process can then loop back to step 202 and the 
process 201 can be repeated. 
0054) Otherwise, the process 201 loops from step 216 
back to step 210. Again, in step 210, the next comparison 
shape from a shape database is loaded. According to an 
embodiment, the comparison can proceed from the last tested 
shape in the shape database. In this way, if the step 218 to 202 
loop occurs more rapidly than all objects in the shape data 
base can be compared, the process eventually works its way 
through the entire shape database. According to an embodi 
ment, the shape database can include multiple copies of the 
same object at different orientations, distances, and positions 
within the region. This can be useful to reduce processing 
associated with stepping the MIR shape across the shape 
database shape and/or changing magnification. 
0055. The object type can include determination of a num 
ber of persons 112 in the region 110. For example, the shape 
database can include outlines, cardiac and/or respiration 
spectra, density, and movement characteristics for plural 
numbers of persons. According to embodiments, the shape 
library can include shapes not corresponding to persons. This 
can aid in identification of circumstances where no person 
212 is in the region 210. Optionally, process 201 can be 
performed using plural video frames Such as averaged video 
frames or a series of video frames. Optionally, steps 212, 214, 
and 216 can be replaced by a single decision step that com 
pares the probability to a predetermined value and proceeds to 
step 218 if the probability meets the predetermined value. 
This can be useful, for example, in embodiments where 
simple presence or absence of a person 212 in the region 210 
is sufficient information. 

0056. According to an embodiment, the signal analysis 
process 201 of FIG. 2 can be performed using conventional 
Software running on a general-purpose microprocessor. 
Optionally, the process 201 can use various combinations of 
hardware, firmware, and Software; and can include the use of 
a digital signal processor. 
0057 FIG.3 is a flow chart showing an illustrative process 
301 for determining one or more particular physiological 
parameters of a person 112 in the region 110 with the signal 
analyzer 124 of the MIR 101, according to an embodiment. 
Optionally, the process 301 of FIG. 3 can be performed con 
ditional to the results of another process such as the process 
201 of FIG. 2. For example, if the process 201 determines that 
no person 112 is in the region 110, then it can be preferable to 
continue to repeat process 201 rather than execute process 
301 in an attempt to extract one or more particular physiologi 
cal parameters from a person that is not present. 
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0.058 Beginning with step 302, a series of MIR time series 
data is received. While the received time series data need not 
be purely sequential, the process 301 generally needs the time 
series data received in step 302 to have a temporal capture 
relationship appropriate for extracting time-based informa 
tion. According to an embodiment, the MIR time series data 
can have a framerate between about 16 frames per second and 
about 120frames per second. Higher capture rate systems can 
benefit from depopulating frames, such as by dropping every 
other frame, to reduce data processing capacity requirements. 
0059 Proceeding to step 304, the MIR video frames can 
be enhanced in a manner akinto that described in conjunction 
with step 204 of FIG. 2. Optionally, step 304 can include 
averaging and/or smoothing across multiple MIR time series 
data. Proceeding to optional step 306, a frequency filter can be 
applied. The frequency filter can operate by comparing 
changes between MIR time series data to a reference fre 
quency band for extracting a desired physical parameter. For 
example, if a desired physiological parameter is a heart rate, 
then it can be useful to apply a pass band for periodic move 
ments having a frequency between about 20 cycles perminute 
and about 200 cycles per minute, since periodic motion 
beyond those limits is unlikely to be related to a human heart 
rate. Alternatively, step 304 can include a high pass filter that 
removes periodic motion below a predetermined limit, but 
retains higher frequency information that can be useful for 
determining atypical physiological parameters. 
0060 Proceeding to optional step 308, a spatial filter can 
be applied. The spatial filter may, for example, include a pass 
band filter configured to remove information corresponding 
to areas of contrast having insufficient physical extent to be 
large enough to be an object of interest, and remove informa 
tion corresponding to areas too large to be an object of inter 
est. The spatial filter may, for example, identify portions of 
the region 110 having Sufficient physical extent to correspond 
to the heart, diaphragm, or chest of a person 112, and remove 
signal features corresponding to Smaller or larger objects. The 
step of applying the spatial filter 308 can further include 
removing background features from the MIR data. For 
example, a wall lying between an antenna 104, 114 (114b) 
and the region 110 can cast a shadow Such as a line in every 
instance of MIR data. Removal of such constant features can 
reduce Subsequent processing requirements. 
0061 Proceeding to step 310, movement such as periodic 
movement in the MIR time series data is measured. For 
example, when a periodic motion is to be measured, a time 
to-frequency domain transform can be performed on selected 
signal elements. For example, when a non-periodic motion 
Such as translation or rotation is to be measured, a rate of 
movement of selected signal elements can be determined. 
Optionally, periodic and/or non-periodic motion can be mea 
Sured in space Vs. time. Arrhythmic movement features can be 
measured as spread in frequency domain bright points or can 
be determined as motion vs. time. Optionally, subsets of the 
selected signal elements can be analyzed for arrhythmic fea 
tures. Optionally, plural Subsets of selected signal elements 
can be cross-correlated for periodic and/or arrhythmic fea 
tures. Optionally, one or more motion phase relationships 
between plural subsets of selected signal features, between a 
Subset of a selected signal feature and the signal feature, or 
between signal features can be determined. 
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0062 For example, a person with a hiccup can be detected 
as a non-periodic or arrhythmic motion Superimposed over 
periodic motion of a signal element corresponding to the 
diaphragm of the person. 
0063 Proceeding to step 312, a physiological parameter 
can be calculated. For example, MIR data can include data 
having a periodic motion spectrum corresponding to the loca 
tion characteristic of a human physiological process (e.g. 
heartbeat and/or breathing). Step 312 can include determin 
ing one or more heart rates by comparing movement of the 
heart surface to the MIR signal rate. The one or more heart 
rates can further be characterized according to a confidence 
factor, depending on statistical certainty regarding the deter 
mined one or more heart rates. Similarly, step 312 can include 
determining one or more respiration rates by measuring 
movement corresponding to the chest or diaphragm of one or 
more persons. 
0064 Proceeding to step 314, the physiological parameter 
can be output. Proceeding to step 316, if there are more 
locations to measure, the process 301 can loop back to 
execute step 308. If there are not more locations to measure, 
the process can proceed to step 318. In step 318, if there are 
more physiological parameters to measure, the process 301 
can loop back to execute step 306. If there are not more 
physiological parameters to measure, the process 301 can 
loop back to step 302, and the process 301 of FIG. 3 can be 
repeated. 
0065 FIG. 4 is a block diagram of a surveillance system 
401, according to an embodiment. The surveillance system 
401 can include a MIR 101 configured to survey a region 110. 
The region 110 can be at least intermittently occupied by one 
or more persons 112. A controller 402 can be configured to 
receive an input signal from the MIR 101, extract from the 
signal one or more physical or physiological attributes corre 
sponding to a predicted human stress condition, and output a 
notification signal. 
0066. The region 110 can include a region that is occupied 
by a succession of persons 112. For example, the region 110 
can include a security checkpoint in a publically accessible 
area. Alternatively, the region 110 can be in a limited access or 
private area. For example, the system 401 can be used to 
provide primary monitoring of persons passing through a 
security checkpoint, or can be used to provide secondary 
monitoring, for example of persons who have already passed 
through a physical-based security checkpoint. Some 
examples of regions 110 include an airport security check 
point, a security checkpoint at a federal building, an entry 
point to a military demarcation Zone, a lobby of a bank, a 
vicinity of an automated teller machine, a store shoplifting 
deterrent region, an area prone to vandalism, an area prone to 
theft, a parking lot, a hospital, a retail store, a gas station, a 
restaurant or bar, a club, a school, a home, a business, an 
entertainment facility, or a sports facility. 
0067. The surveillance system 401 can operate by using 
the MIR 101 to probe the person(s) 112 in the region 110 to 
detect one or more physical or physiological attributes of the 
person(s). This can include one or more physical and one or 
more physiological attributes. For example, one or more 
physical attributes can include one or more of body size, body 
mass, height, body shape, posture, body permittivity, carried 
or otherwise associated articles (such as a pushed cart, wheel 
chair, or other non-carried but associated article), detectable 
body ornamentation, or body movements. One or more physi 
ological attributes can include one or more of heart rate, 
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respiration rate, heart anomaly, respiration anomaly, magni 
tude of heartbeat, magnitude of respiration, a rate or magni 
tude of inhalation, a rate or magnitude of exhalation, a tremor 
of all or part of a body, intracyclic characteristic of a heart 
beat, intracyclic characteristic of respiration, or digestive 
muscle activity. The human stress condition can be predicted 
from the physical and/or physiological attributes. 
0068. As will be described below, the system 401 can be 
used to identify and/or deter persons 112 that have a prob 
ability of being in the process and/or having an intent to 
commit a crime or an act of terrorism; or in Some cases, that 
have a probability of lying. Alternatively, the system can be 
used to identify persons 112 that have a probability of requir 
ing aid or assistance, Such as may be the case if a person 
exhibits a stress condition corresponding to physical distress. 
In the case of the former, a person 112 may stand out from 
other, innocent persons 112 by nervousness that is betrayed 
by fidgeting, increased heart rate, increased breathing rate, 
shallower breathing, decreased digestive muscle activity, etc. 
The system 401 can use the MIR 101 to detect these and other 
telltale symptoms that, while not necessarily visible to a 
camera or direct observation, can be detected by the MIR 101. 
The MIR 101 can also be used detect the presence of a 
weapon. 

0069. Whether or not stress symptoms exhibited by a per 
son are characterized as unusual can be context-dependent. 
For example, people waiting to get through airport security 
may, as a population, tend to exhibit somewhat higher stress 
than persons waiting in line at a bank. The controller 402 can 
be further configured to receive or determine a range of the 
one or more physical or physiological attributes correspond 
ing to normal range of human stress conditions in the region 
110. For example, the controller 402 can include a non 
transient computer-readable medium 404 configured to hold 
one or more physical or physiological attributes correspond 
ing to a normal range of human stress conditions. The con 
troller 402 can be configured to determine a range of the one 
or more physical or physiological attributes corresponding to 
a normal range of human stress conditions as a function of 
previously or later extracted one or more physical or physi 
ological attributes. The controller 402 can be configured to 
determine, from previously or later extracted physical or 
physiological attributes, a range of one or more physical or 
physiological attributes corresponding to one or more anoma 
lous human stress conditions, e.g., physiological and/or 
physical attributes that correspond to a risk condition. 
(0070. The controller 402 can thus determine if the pre 
dicted human stress condition is anomalous compared to a 
normal range of human stress conditions in the region 110. 
For example, the controller 402 can determine that the pre 
dicted human stress condition is anomalous if the one or more 
physical or physiological attributes is (are) one or more stan 
dard deviations from an average value of the one or more 
physical or physiological attributes for persons 112 in the 
region 110. Alternatively, the predicted human stress condi 
tion can be considered anomalous ifa combination of the one 
or more physical or physiological attributes is two or more 
standard deviations, or three or more standard deviations 
from an average value of the one or more physical or physi 
ological attributes. Other functional relationships are con 
templated. 
0071. The controller 402 can be configured to determine if 
the predicted human stress condition is anomalous and deter 
mine whether to output the notification signal as a function of 
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the predicted human stress condition anomaly. The notifica 
tion signal can be output via a notification interface 406 
operatively coupled to the controller 402. For example, the 
notification interface 406 can include a computer display. In 
some embodiments, the notification interface 406 can be con 
figured to notify a person having a view of the region 110. In 
one example, the notification interface 406 can include an 
interface configured to project an optical designation onto or 
near a person exhibiting an anomalous predicted stress con 
dition. For example, Such a person may be illuminated with a 
spotlight, a visible laser dot, or an infrared laser dot config 
ured to be detected by a person wearing infrared vision 
goggles. Optionally, the notification interface can include an 
apparatus configured to notify a person exhibiting an anoma 
lous predicted stress condition. For example, the notification 
interface can include a computer display aimed at the region 
that can notify a person Suffering from anomalous health 
related stress of the situation, so that the person may alter 
his/her behavior to recover or call for aid. In another example, 
the notification interface can include a computer display 
aimed at the region that can notify a person that his/her stress 
has been detected, thus acting as a deterrent to crime or 
heightening the stress to aid in a certainty of detection. Alter 
natively, the person notified by the notification interface 406 
can be located relatively remotely and may not have a view of 
the region 110. Such a person can include, for example, a 
guard, a police officer, a civil servant, a military officer or 
enlisted person, or a healthcare professional. 
0072 The surveillance system 401 can include a camera 
408 operatively coupled to the controller 402 and configured 
to capture a still or video image of a person 112 probed by the 
MIR 101. The controller is further configured to display the 
still or video image of the person probed by the micro-im 
pulse radar via a notification interface. The controller 402 can 
be configured to output to a computer display 406 an image of 
the person 112 in the region 110 and a corresponding indica 
tor of the predicted human stress condition corresponding to 
the person 112 in the region 110. This can be especially 
useful, for example, in applications where a system monitor 
ing authority (e.g., a guard, police officer, civil servant, mili 
tary officer or enlisted person, or healthcare professional that 
monitors the output of the system 401) (not shown) is located 
relatively remotely and may not have a view of the region 110. 
0073. As indicated above, the controller 402 can be con 
figured to determine a risk or threat condition corresponding 
to the predicted human stress condition. For example, the 
predicted human stress condition can be used as a predictor of 
an intent to commit a crime or perform an act of terrorism. 
The controller can be configured to determine whether to 
output the notification signal as a function of time of day, a 
security threat status, or a security clearance status of the 
person in the region. Optionally, as described elsewhere 
herein, the determination of whether to output the notification 
signal can also be made in conjunction with determining an 
identity of a person, and determining a risk or threat condition 
and/or the predicted human stress condition as a function of a 
normal range of physical or physiological attributes of the 
person. 

0074 According to an embodiment, the controller 402 can 
be configured to predict the human stress condition by per 
forming a statistical analysis of similarities between the one 
or more extracted physical or physiological attributes and one 
or more predetermined ranges of anomalous human stress 
conditions. Alternatively or additionally, the controller 402 
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can be configured to predict the human stress condition by 
performing a statistical analysis of similarities between the 
one or more extracted physical or physiological attributes and 
one or more predetermined ranges of normal human stress 
conditions. Alternatively or additionally, the controller 402 
can be configured to predict the human stress condition by 
performing a statistical analysis of differences between the 
one or more extracted physical or physiological attributes and 
one or more predetermined ranges of normal human stress 
conditions. Alternatively or additionally, the controller 402 
can be configured to predict the human stress condition by 
performing a statistical analysis of similarities between the 
one or more extracted physical or physiological attributes and 
one or more predetermined ranges of normal human stress 
conditions. Alternatively or additionally, the controller 402 
can be configured to predict the human stress condition by 
performing a statistical analysis to identifying unusual stress 
conditions according to a joint fit of the extracted one or more 
physical or physiological attributes of a plurality of persons. 
0075. The surveillance system 401 can include at least one 
housing configured to disguise the presence of at least one of 
the MIR 101 or the controller 402, or signage (not shown) 
configured to alert a person in the region to the presence of the 
system 401. The surveillance system 401 can include a turn 
stile configured to admit a person 112 into the region 110, a 
barrier configured to prevent unauthorized movement around 
the region 110, or a barrier configured to protect bystanders 
from actions of person 112 in the region 110. 
0076. As indicated above, the predicted stress condition 
can correspond to high anxiety, and the notification signal can 
be output to a security authority. Alternatively, the predicted 
stress condition can correspond to physical distress, and the 
notification signal can be output to one or more persons 
selected to render aid or assistance. 

(0077 FIG. 5 is a flow chart showing a method 501 for 
Surveilling persons, according to an embodiment. For 
example, the method of FIG.5 can be executed by an embodi 
ment of the surveillance system 401 shown in block diagram 
form in FIG. 4. Beginning at step 502, a region is probed a 
MIR to produce a MIR signal. As described above, the region 
can include a public region temporarily occupied by a Suc 
cession of persons. Such as a security checkpoint. According 
to examples, the region can include an airport security check 
point, a security checkpoint at a federal building, an entry 
point to a military demarcation Zone, a lobby of a bank, a 
vicinity of an automated teller machine, a store shoplifting 
deterrent region, an area prone to vandalism, an area prone to 
theft, a parking lot, a hospital, a retail store, a gas station, a 
restaurant or bar, a club, a School, a home, a business, an 
entertainment facility, or a sports facility. 
(0078 Proceeding to step 504, the MIR signal is decoded to 
produce physiological information corresponding to a person 
scanned by the MIR. The physiological information can 
include one or more of heart rate, respiration rate, heart 
anomaly, respiration anomaly, magnitude of heartbeat, mag 
nitude of respiration, a rate or magnitude of inhalation, a rate 
or magnitude of exhalation, a tremor of all or part of a body, 
intracyclic characteristic of a heartbeat, intracyclic character 
istic of respiration, or digestive muscle activity. Step 504 can 
optionally include decoding one or more physical attributes 
corresponding to the person scanned by the MIR. For 
example, one or more physical attributes can include one or 
more of body size, body mass, height, body shape, posture, 
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body permittivity, carried articles, or detectable body orna 
mentation, or body movements. 
0079 Proceeding to step 506, the physiological informa 
tion (and optionally, physical information) is correlated to a 
predicted stress condition. For example, the decoded physi 
ological information (and optionally, physical information) 
can be input to a look-up table (LUT) or formulated as a 
database query, and the LUT or database engine can respond 
with a numerical, graphical, or descriptive response corre 
sponding to the predicted stress condition. 
0080 Correlating the physiological information to a pre 
dicted stress condition in step 506 can include performing a 
statistical analysis of similarities the decoded physiological 
information to one or more previously determined ranges of 
physiological information. For example, correlating the 
physiological information to a predicted stress condition 
includes performing a statistical analysis of differences 
between the decoded physiological information and one or 
more previously determined ranges of physiological informa 
tion. Optionally, correlating the physiological information to 
a predicted stress condition includes performing a statistical 
analysis to maximize similarities or minimize differences 
according to a joint fit of a plurality of decoded physiological 
information to physiological information corresponding to a 
plurality of human stress conditions. 
I0081. The process 501 can proceed to optional step 508, 
where a range of the physiological information correspond 
ing to normal range of human stress conditions in the region 
can be received or determined. For example, this can include 
determining the normal range of human stress conditions as a 
function of previously extracted physiological information. 
Step 508 can also include determining, from previously 
extracted physiological information, one or more ranges of 
the physiological information corresponding to one or more 
anomalous human stress conditions. 
0082 Proceeding to optional step 510, the process 501 can 
include determining if the predicted human stress condition is 
anomalous compared to a normal range of human stress con 
ditions in the region. For example, step 510 can include deter 
mining if the physiological information is one or more stan 
dard deviations from an average value of the physiological 
information. Alternatively, step 510 can include determining 
if the physiological information is two or more standard 
deviations, or three or more standard deviations from an 
average value of the physiological information. 
0083) Optionally, step 510 can include determining a 
threat condition corresponding to the predicted human stress 
condition. For example, one or more instances of an anoma 
lous predicted human stress condition correspond to a person 
in the region having an intent to perform an act of terrorism, 
an intent to commit a crime, or telling a lie. For example, a 
person exhibiting parameters corresponding to nervousness 
may correspond to a person who may have such ill intent. 
Alternatively, one or more instances of an anomalous pre 
dicted human stress condition correspond to a person in the 
region having a health-related human stress condition. For 
example, heart or respiration anomalies, an abrupt loss of 
Velocity, falling down, etc., may indicate physical distress 
that can be detected according to the process 501. 
0084 Optionally, the process 501 can include determining 
if the predicted human stress condition is anomalous in step 
512. Optionally, if the predicted human stress condition is not 
anomalous, the process 501 can loop back to step 502, where 
the process can be repeated. Optionally, step 512 can include 
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determining, as a function of the predicted human stress 
condition anomaly, whether to output the indication. If it is 
determined that an indication should be output, the process 
501 can proceed to optional step 514 or can proceed directly 
to step 516. 
I0085. In optional step 514, for a system that is equipped or 
operatively coupled to one or more cameras, an image such as 
a video image of a person can be captured. For example, the 
camera can be aligned to capturing a still or video image of 
the person 112 scanned by the micro-impulse radar with a 
camera 101. Proceeding to step 516, the still or video image of 
the person scanned by the micro-impulse radar can be dis 
played via a notification interface. This can include output 
ting the image of the person and a corresponding indicator of 
the predicted human stress condition to a computer display. 
I0086. In step 516, an indication or notification of the pre 
dicted stress condition of the person is provided. The indica 
tion can be output via a notification interface. The notification 
interface can be configured to notify a person having a view of 
the region, or to a person (e.g. monitoring authority) that does 
not have a direct view of the region. The notification can 
provide information about the predicted stress condition to a 
guard, a police officer, a civil servant, a military officer or 
enlisted person, or a healthcare professional. For example, 
providing notification can include outputting information to a 
computer display. Optionally, providing notification can 
include providing the indication or notification to the person 
corresponding to the predicted stress condition. 
I0087. Optionally, the method 501 can include a step of 
determining or inferring an identity of the person (not 
shown). For example, the identity of the person can be deter 
mined or inferred using biometric recognition (e.g., facial 
recognition, Voice recognition, fingerprints, etc.) or by read 
ing an identity indicia carried by the person. For example, an 
identity indicia can include an MIR transponder, a radio fre 
quency tag, or other contact or non-contact identity card or 
tag. 
I0088. When an identity is determined or inferred, provid 
ing an indication of the predicted Stress condition of the 
person in step 516 can include providing the identity of the 
person. Optionally, correlating the physiological information 
to a predicted stress condition and determining if the pre 
dicted stress condition is anomalous in step 510 can be per 
formed as a function of the identity of the person. For 
example, a given person may be naturally more nervous than 
another person. By determining the identity of a person, 
whether or not the predicted stress condition is anomalous 
can be informed by the normal range of attributes of the 
individual. For example, making this determination can be 
performed by reading a database including pre-determined 
stress parameters corresponding to the identity of the person. 
I0089 Optionally, providing an indication of the predicted 
stress condition can include transmitting an alarm signal if the 
stress condition exceeds a limit. For example, the limit can 
correspond to a function of predicted stress conditions of a 
plurality of other persons previously scanned by the micro 
impulse radar. 
0090. Optionally, at least some of the steps of the method 
501 of FIG. 5 can be performed by one or more computers. 
The method steps as described above canthus be embodied as 
a non-transient computer-readable medium carrying com 
puter instructions configured to cause a computer to perform 
the steps of the method 501. 
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0091 FIG. 6 is a block diagram of a system 601 configured 
to track a person 112 exhibiting a stress condition, according 
to an embodiment. A first MIR 101a can be configured to 
probe a first region 110a at least partially occupied by a 
person 112 and produce first MIR data related to one or more 
first attributes of the person 112. A first computer processing 
resource 602 can be operatively coupled to the first MIR 101a 
and configured to predicta stress condition of the person from 
the one or more first attributes of the person 112 included in 
the first MIR data. A camera 408a can be configured to 
capture one or more images of the person 112. The camera 
408a can have a field of view including at least a portion of the 
first region 110a. A second computer processing resource 
604, operatively coupled to the first computer processing 
resource 602 and the camera 408a, can be configured to 
correlate the predicted stress condition with the one or more 
images of the person 112. Optionally, the first and second 
computer processing resources 602, 604 can be the same 
computer processing resource. Optionally, the camera 408a 
can be remotely controllable, and the second computer pro 
cessing resource 604 can be further configured to control the 
camera 408a to track the person 112. 
0092 Optionally, the system 601 can include at least one 
second camera 408b, 408c operatively coupled to the second 
computer processing resource 604 and configured to capture 
at least one image of the person 112 in at least a second region 
110b, 110C. The second computing resource 604 can be con 
figured to operate the at least one second camera 408b to track 
the person 112 as the person moves between a field-of-view 
110a of the first camera 408a and the second region 408b. 
0093. The system 601 can further include a human inter 
face 606 configured to provide information to a second per 
son. A third computer processing resource 608 can be opera 
tively coupled to the human interface 606, the second 
computer processing resource 604, the camera 408a, the at 
least one second camera 408b, 408c, and the first computer 
processing resource 602. The third computer processing 
resource 608 can be configured to present information includ 
ing images of the person 112 and information related to the 
predicted stress condition of the person as the person 112 
moves between regions 110a, 110b, 110c. Optionally, the 
third computer processing resource 608 and the second com 
puter processing resource 604 can be the same computer 
processing resource. 
0094. At least one second MIR 101b, 101c can be opera 
tively coupled to the first computing resource 602 and con 
figured to probe at least the second region 110b, 110C and 
produce second MIR data related to one or more second 
attributes of the person 112. For example, the second 
attributes can be the same attributes as the first attributes at a 
second time corresponding to presence of the person 112 in 
the at least one second region 110b, 110c. Optionally, the 
second attributes can be different attributes than the first 
attributes of the person 112. 
0095. The system 601 can include a fourth computer pro 
cessing resource 610 configured determine a risk condition 
corresponding to the person 112 from the images of the per 
son and the first and at least second MIR data. Optionally, the 
fourth computer processing resource 610 can be the same as 
at least one of the first and second and third computer pro 
cessing resources 602, 604, 608. The fourth computer pro 
cessing resource 610 can be further configured to determine if 
the risk condition meets one or more criteria for notifying a 
second person. The system 601 can include a notification 
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interface 606, and the fourth computer processing resource 
610 can be configured to output data via the notification 
interface 606 corresponding to the risk condition. 
0096. A human interface 606 can be configured to provide 
information to a second person. A fifth computer processing 
resource 612 can be operatively coupled to the human inter 
face 606, the second computer processing resource 604, the 
camera 408a, and the first computer processing resource 602. 
The fifth computer processing resource 612 can be configured 
to present information including the at least one image of the 
person 112 and information related to the predicted stress 
condition of the person 112. The fifth computer processing 
resource 612 and at least one of the first 602, second 604, third 
608, and/or fourth 610 computer processing resource can be 
the same computer processing resource. The camera(s) 408a, 
408b, 408c can be a video camera(s) configured to capture 
visible behaviors of the person 112. 
0097. In some embodiments, the human interface 606 can 
be replaced by or may be alternatively referred to as a “noti 
fication interface'' 606. The term notification interface may be 
useful for applications where data output may or may not be 
output to an actual human. Thus, a notification interface 606 
can include or Substantially consist of a human interface, and 
can include a broader range of data or signal output structures 
or modules. The system 601 can include a notification inter 
face 606 operatively coupled to the first computer processing 
resource 602 (and/or other computer processing resources). 
The first computer processing resource 602 can be configured 
to output notification data or a notification signal via the 
notification interface 606 for at least some predicted stress 
conditions. The first computer processing resource 602 can be 
configured to compare the predicted stress condition to a 
range of stress conditions, infer a risk condition, and output 
the notification data or notification signal when the risk con 
dition corresponds to a condition where a risk is posed to the 
person or to others. 
0098. For example, the risk condition can correspond to a 
risk to the person, and the notification interface can be con 
figured to alert a resource for offering aid to the person. 
Alternatively, the risk condition can correspond to a risk to 
others, and the notification interface can be configured to alert 
a resource for protecting others. 
(0099. As indicated above, the MIR 101a and optional 
additional MIRs 101b, 101c can be configured to probe 
regions 110a, 101b, 101c at least partially occupied by a 
person 112 and produce first MIR data related to one or more 
first attributes of the person 112. The one or more first 
attributes of the person include one or more physical 
attributes, one or more physiological attributes, or one or 
more physical attributes and one or more physiological 
attributes. One or more physical attributes can include one or 
more of body size, body mass, height, body shape, posture, 
body permittivity, carried or otherwise associated articles, 
detectable body ornamentation, or body movements. One or 
more physiological attributes can include one or more ofheart 
rate, respiration rate, heart anomaly, respiration anomaly, 
magnitude of heartbeat, magnitude of respiration, a rate or 
magnitude of inhalation, a rate or magnitude of exhalation, a 
tremor of all or part of a body, intracyclic characteristic of a 
heartbeat, intracyclic characteristic of respiration, or diges 
tive muscle activity. 
0100. According to an embodiment, the system can look 
primarily at attributes including heart rate, respiration rate, 
and body movements (e.g., tremor or “jerkiness'). For 
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example, these (and/or other) attributes can be indicative of a 
predicted stress condition that corresponds to high anxiety. 
Under this scenario, relatively high anxiety can be useful to 
predict in a person because a would-be criminal or terrorist 
may be expected to have unusual feelings of anxiety in his/her 
anticipation of committing a criminal or terrorist act. Such 
anxious feelings and corresponding physical or physiological 
“tells' may be made more evident under questioning. Thus 
the system 601 (and/or system 401 of FIG. 4 and/or system 
801 of FIG. 8) can be used to augment an interview station, 
interrogation room, or other facility where anxiety may be 
disproportionally heightened in an "at risk” person. 
0101. The one or more MIRs 101a, 101b, 101c can also 
probe a response corresponding to one or more first attributes 
including a carried article Such as a weapon (which may 
include a bomb, a chemical deterrent (e.g., “Mace'), or other 
objects that could be used during commission of a terrorist act 
or crime). 
0102) According to another embodiment, the system can 
look for a predicted stress condition that corresponds to 
physical distress. For example, this can be used to indicate 
and/or warn individuals in a marathon or triathlon that may be 
close to collapse, or otherwise spot persons who may be in 
need of assistance. In one embodiment, the system may be 
used to augment or provide a form of triage. 
(0103 FIG. 7 is a flowchart illustrating a method 701 for 
tracking a person with a stress condition, according to an 
embodiment. According to embodiments, the method of FIG. 
7 can be performed using all or portions of the system 601 
shown in FIG. 6 and/or other combinations of elements. 
Beginning at Step 502, a person in a probing region is probed 
with a MIR to produce a MIR signal. Proceeding to step 702, 
the MIR signal is analyzed to determine a predicted stress 
condition corresponding to the person. The MIR signal can 
include data corresponding to one or more first attributes of 
the person. The one or more first attributes of the person can 
include one or more physical attributes, one or more physi 
ological attributes, or one or more physical attributes and one 
or more physiological attributes. For example, one or more 
physical attributes can include one or more of body size, body 
mass, height, body shape, posture, body permittivity, carried 
or otherwise associated articles, detectable body ornamenta 
tion, or body movements. One or more physiological 
attributes can include one or more of heart rate, respiration 
rate, heart anomaly, respiration anomaly, magnitude of heart 
beat, magnitude of respiration, a rate or magnitude of inhala 
tion, a rate or magnitude of exhalation, a tremor of all or part 
of a body, intracyclic characteristic of a heartbeat, intracyclic 
characteristic of respiration, or digestive muscle activity. In 
one embodiment, the one or more first attributes include heart 
rate, respiration rate, and body movements. Optionally, the 
one or more attributes can include a carried article including 
a weapon. 
0104 Analyzing the MIR signal to determine a predicted 
stress condition corresponding to the person can include cor 
relating the one or more first attributes to the predicted stress 
condition. For example, analyzing the MIR signal to deter 
mine a predicted stress condition can include comparing one 
or more first attributes of the person to one or more attributes 
corresponding to a range of stress conditions. The range of 
stress conditions can include a function of previously pre 
dicted stress conditions. 
0105 Proceeding to step 514, a video image of the person 

is received. Next, in step 704, the MIR signal is correlated 
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with a video image of the person. For example, correlating the 
MIR signal with a video image of the person can include 
correlating a location of the person in the MIR signal to a 
location of the person in the video image. Step 704 can also 
include correlating a second MIR signal with a second video 
image of the person. 
0106 Proceeding to step 706, video image processing is 
used to track the movements of the person with at least one 
Video camera. This can include determining a correlation 
between the video image and the second video image of the 
person. Step 706 can include tracking movements of the 
person as the person moves between fields of view of two or 
more video cameras, and/or controlling the at least one video 
camera to keep the person in a field-of-view of the at least one 
Video camera. 

0107 Proceeding to optional step 708, a risk condition 
corresponding to the person can be inferred, for example, by 
comparing the predicted stress condition to a range of stress 
conditions. Optionally, step 708 can include correlating vis 
ible behavior of the person from the video image with the 
predicted stress condition of the person to infer a risk. For 
example, a would-be shoplifter may exhibit an increased 
heart rate and shallower breathing when the person passes a 
targeted article on the shelf. By comparing the video image to 
the predicted stress condition from the MIR signal, a location 
of risk can be inferred and extra security attention can be paid 
to the location of the risk. Alternatively, the visible behavior 
of the person may be location independent, but video infor 
mation Such as the person averting his/her gaZe when answer 
ing a question can be combined with physiological and/or 
other physical data from the MIR signal to improve accuracy 
of lie detection/prediction/inference. 
0.108 Proceeding to step 710, security and/or aid person 
nel can be notified, optionally only if the inferred risk is high 
enough to warrant notification. 
0109. The risk condition inferred in step 708 can corre 
spond to a condition where a risk is posed to the person or to 
others. For example, if the MIR signal is analyzed to predict 
a stress condition corresponding to high anxiety, Such condi 
tion may correspond to a risk for the person committing a 
crime, lying, or committing an act of terrorism. In Such case, 
step 710 can include notifying a security authority about the 
person. Optionally, step 710 can include outputting media to 
the person, warning him/her of the consequences of a likely 
crime, thus providing a deterrent to committing a possible act. 
In another example, if the MIR signal is analyzed to predicta 
stress condition corresponding to physical distress, step 710 
can include notifying assistance or aid personnel about the 
person. Optionally, step 710 can include outputting media to 
the person, which can, for example, alert the person to his/her 
physical distress, thus providing an impetus to seek medical 
attention or modify his/her exertion level. 
0110. Accordingly, step 710 can include alerting a 
resource for offering aid to the person, alerting a resource for 
protecting others, oralerting the person of the predicted stress 
condition. Step 710 can include outputting the video image of 
the person and the predicted stress condition of the person via 
a human interface, and/or outputting a plurality of video 
images of the person and a plurality of predicted stress con 
ditions of the person via the human interface as the person 
OWS. 
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0111 Optionally, the method 701 can include selecting 
the person for output via the human interface as a function of 
the predicted stress condition of the person (not explicitly 
shown). 
0112 Optionally, at least some of the steps of the method 
701 of FIG. 7 can be performed by one or more computers. 
The method steps as described above canthus be embodied as 
a non-transient computer-readable medium carrying com 
puter instructions configured to cause a computer to perform 
the steps shown and described above. 
0113 FIG. 8 is a block diagram of a system 801 for evalu 
ating a risk condition corresponding to a person 112a, accord 
ing to an embodiment. AMIR 101 can be configured to probe 
a plurality of persons 112a, 112b, 112c to produce a micro 
impulse radar signal. A processor 124 operatively coupled to 
the MIR can be configured to determine one or more physi 
ological parameters from each of the plurality of persons 
112a, 112b, 112c. A computer 804 operatively coupled to the 
processor 124 can be configured to receive the one or more 
physiological parameters, analyze the one or more physi 
ological parameters, and indicate a person 112a whose one or 
more physiological parameters are functionally related to the 
one or more physiological parameters of other persons 112b, 
112C. 

0114. As shown, the processor 124 can be integrated with 
the MIR 101. Alternatively or additionally, the processor 124 
can be integrated with the computer or the processor can be 
separate from the MIR and the computer. 
0115. An interface 806 can be operatively coupled to the 
computer, and configured for indicating the person 112a 
whose one or more physiological parameters are functionally 
related to the one or more physiological parameters of other 
persons 112b, 112c. The interface 806 can include one or 
more of a remote device, a computer monitor, an alarm, a 
personal electronic device, a Smartphone, and a pager. 
0116. According to an embodiment, indicating a person 
112a whose one or more physiological parameters are func 
tionally related to the one or more physiological parameters 
of other persons 112b, 112c can include transmitting an alarm 
signal if a function of the one or more physiological param 
eters exceeds a limit that is a function of the one or more 
physiological parameters of the other persons 112b, 112c. For 
example, indicating a person 112a whose one or more physi 
ological parameters are functionally related to the one or 
more physiological parameters of other persons 112b, 112c 
can include indicating a person 112a whose one or more 
physiological parameters have a statistically significant dif 
ference from the one or more physiological parameters of the 
other persons 112b, 112c. 
0117. A non-transient computer-readable medium 808 
can be operatively coupled to the computer 804. As shown, 
the non-transient computer-readable medium 808 can be inte 
grated into the computer 804, for example, as a hard drive. 
The non-transient computer readable medium 808 can 
include data 810 corresponding to the one or more physi 
ological parameters from the plurality of persons 112b, 112c. 
The computer 804 can be configured to compare the one or 
more physiological parameters corresponding to each person 
112a to a function of the one or more physiological param 
eters 810 from the plurality of persons 112b, 112c. The non 
transient computer-readable medium 808 can carry data cor 
responding to one or more averages of the physiological 
parameters from the plurality of persons 112b, 112c. For 
example, as shown, the non-transient computer-readable 
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medium 808 can carry an average or weighted average of 
heart rates 812 and an average or weighted average of breath 
ing or respiration rates 814. Optionally, the computer 804 can 
calculate the averages on-the-fly or can omit the averages and 
instead use one or more other functional relationships of 
parameters of other persons 112b, 112c. For example, the 
non-transient computer-readable medium 808 can carry data 
corresponding to one or more numbers of standard deviations 
from one or more averages of the physiological parameters 
from the plurality of persons 112b, 112c. The standard devia 
tion and/or another function of the parameters from the plu 
rality of persons 112b, 112c can optionally be expressed as 
one or more limits 816 against which the one or more physi 
ological (and optionally, physical) parameters corresponding 
to each person 112a is compared. Before or after the com 
parison, the one or more physiological (and optionally, physi 
cal) parameters for a person of interest 112a can be combined 
or otherwise added to one or more functions 810, 812, 814, 
816 of physiological parameters carried by the non-transient 
computer readable medium 808. 
0118 Optionally, the computer 804 can be configured to 
perform a joint fit between one or more physiological param 
eters from a plurality of persons 112a, 112b, 112c to deter 
mine one or more persons 112a exhibiting outlying physi 
ological parameters. 
0119 The non-transient computer-readable medium 808 
can carry data corresponding to a database, for example. The 
computer 804 can be configured to output a query statement 
including data corresponding to the one or more physiologi 
cal parameters of a person 112a, and receive an indication of 
a risk condition corresponding the person 112a. The risk 
condition can be determined according to the functional rela 
tionship between the one or more physiological parameters of 
the person 112a and the one or more physiological param 
eters of the other persons 112b, 112c. 
I0120 Optionally, the computer 804 can be further config 
ured to determine whether to output the indication of the 
person 112a as a function of the risk condition. 
0121 By using one or more functions of physiological, 
and optionally physical, parameters that were previously 
received, the system 801 can adapt to changes in population 
stress level. Thus, the functional relationship can be selected 
to account temporal variations in the one or more physiologi 
cal parameters of the other persons 112b, 112c. The func 
tional relationship can also be selected to provide a variable 
sensitivity for the indication. For example, the functional 
relationship can be selected according to one or more of a 
threat level, a level of consequence related a false positive 
indication, or a level of consequence related to a false nega 
tive indication. 
0.122 The one or more physiological parameters can 
include one or more of heart rate, respiration rate, heart 
anomaly, respiration anomaly, magnitude of heartbeat, mag 
nitude of respiration, a rate or magnitude of inhalation, a rate 
or magnitude of exhalation, a tremor of all or part of a body, 
intracyclic characteristic of a heartbeat, intracyclic character 
istic of respiration, or digestive muscle activity, for example. 
In one embodiment, the one or more physiological param 
eters includes one or more of heart rate, respiration rate, and 
body movements. 
I0123. Moreover, as indicated above, the processor 124 can 
be further configured to determine one or more physical 
parameters from each of the plurality of persons 112a, 112b, 
112c, and the computer can further configured to analyze the 
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one or more physical parameters. Like the physiological 
parameter relationship, indicating a person 112a can include 
indicating a person 112a whose one or more physical param 
eters are functionally related to the one or more physical 
parameters of other persons 112b, 112c. The one or more 
physical parameters can include one or more of body size, 
body mass, height, body shape, posture, body permittivity, 
carried or otherwise associated articles, detectable body orna 
mentation, or body movements, for example. Optionally, the 
one or more physical parameters can include a carried article 
Such as a weapon. 
(0.124 FIG. 9 is a flowchart illustrating method 901 for 
evaluating a risk condition corresponding to a person, accord 
ing to an embodiment. Starting in step 902, a MIR configured 
to probe a plurality of persons is operated to produce a MIR 
signal. Optionally, if a MIR is external to the system, the 
method 901 can start at step 904, where a MIR signal is 
received, or step 904 can represent a transmission of the MIR 
signal across an exposed interface. Proceeding to step 906. 
one or more physiological parameters from the MIR signal 
can be determined, such that each of the plurality of persons 
has a corresponding set of one or more physiological param 
eters. For example, the determination of the one or more 
physiological parameters can performed by the MIR, by a 
computer operatively coupled to the MIR, or the determina 
tion of the one or more physiological parameters can be 
performed by a computer separate from the MIR and separate 
from a computer that indicates the person. 
0.125. As described above, the one or more physiological 
parameters can include one or more of heart rate, respiration 
rate, heart anomaly, respiration anomaly, magnitude of heart 
beat, magnitude of respiration, a rate or magnitude of inhala 
tion, a rate or magnitude of exhalation, a tremor of all or part 
of a body, intracyclic characteristic of a heartbeat, intracyclic 
characteristic of respiration, or digestive muscle activity, for 
example. According to an embodiment, the one or more 
physiological parameters includes one or more of heart rate, 
respiration rate, and body movements. 
0126 Proceeding to step 908, the one or more physiologi 
cal parameters can be analyzed. Physiological parameter 
analysis can include comparing the one or more physiological 
parameters corresponding to each person to a function of the 
one or more physiological parameters from the plurality of 
persons. For example, comparing the one or more physiologi 
cal parameters corresponding to each person to a function of 
the one or more physiological parameters from the plurality 
of persons can be performed using one or more database 
queries. Accordingly, analyzing the one or more physiologi 
cal parameters can include outputting a query statement 
including data corresponding to the one or more physiologi 
cal parameters of a person and receiving an indication of a risk 
condition corresponding the person. The risk condition can be 
determined according to the functional relationship between 
the one or more physiological parameters of the person and 
the one or more physiological parameters of the other per 
SOS, 

0127. The function of the one or more physiological 
parameters from the plurality of persons can correspond to 
one or more averages of the physiological parameters from 
the plurality of persons. Alternatively or additionally, the 
function of the one or more physiological parameters from the 
plurality of persons can correspond to one or more numbers of 
standard deviations from one or more averages of the physi 
ological parameters from the plurality of persons and/or one 
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or more limits against which the one or more physiological 
parameters corresponding to each person is compared. In an 
embodiment, analyzing the one or more physiological param 
eters can include performing a joint fit between one or more 
physiological parameters from a plurality of persons to deter 
mine one or more persons exhibiting outlying physiological 
parameters. 
I0128 Proceeding to optional steps 910 and 912, the pro 
cess can include deciding whether to output an indication of 
the person's physiological parameters or risk condition, or to 
Suppress reporting. For example, the process 901 can choose 
to transmit an alarm signal or otherwise report the indication 
if a function of the one or more physiological parameters 
exceeds a limit that is a function of the one or more physi 
ological parameters of the other persons. This can include 
choosing to output an indication of a person whose one or 
more physiological parameters have a statistically significant 
difference from the one or more physiological parameters of 
the other persons. In other words, determining whether to 
output the indication of the person can be performed as a 
function of a risk condition corresponding to the person. 
I0129. The functional relationship between the parameters 
corresponding to an individual and parameters corresponding 
to other persons can be selected to provide a variable sensi 
tivity for the indication. This can be used to account temporal 
variations in the one or more physiological parameters of the 
other persons and/or according to one or more of a threat 
level, a level of consequence related a false positive indica 
tion, or a level of consequence related to a false negative 
indication. If a person's physiological (and optionally, physi 
cal) parameters have a functional relationship to a function of 
other persons' parameters that indicate a risk condition exists, 
the process 901 can proceed to step 914. If a person's physi 
ological (and optionally, physical) parameters have a func 
tional relationship to a function of other persons' parameters 
that indicate a risk condition exists, the process 901 can loop 
back to step 902 (or 904) and an analysis of the next person 
can be performed. 
0.130 Step 914 includes indicating a person whose one or 
more physiological parameters are functionally related to the 
one or more physiological parameters of other persons. That 
is, if the physiological parameters for the person meet a 
predetermined functional relationship or do not meet a dif 
ferent predetermined functional relationship, or if a joint fit 
indicates an indication should be output, the step 914 can be 
executed. Indication can be provided through one or more of 
a remote device, a computer monitor, an alarm, a personal 
electronic device, a Smartphone, and a pager. 
I0131 Optionally, the process 901 can include determining 
one or more physical parameters from each of the plurality of 
persons (in step 906) and, in step 908, analyzing the one or 
more physical parameters. The physical parameters can be 
analyzed in relation to the parameters of other persons in 
manners similar to approaches described above. For example, 
one or more physical parameters can include one or more of 
body size, body mass, height, body shape, posture, body 
permittivity, carried or otherwise associated articles, detect 
able body ornamentation, or body movements. According to 
an embodiment, the one or more physical parameters can 
include a carried article Such as a weapon. 
0.132. Optionally, at least some of the steps of the method 
901 of FIG. 9 can be performed by one or more computers. 
The method steps as described above canthus be embodied as 
a non-transient computer-readable medium carrying com 
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puter instructions configured to cause a computer to perform 
the steps shown and described above. 
0.133 While particular aspects of the present subject mat 
ter described herein have been shown and described, it will be 
apparent that, based upon the teachings herein, changes and 
modifications may be made without departing from the Sub 
ject matter described herein and its broader aspects and, 
therefore, the appended claims are to encompass within their 
Scope all such changes and modifications as are within the 
true spirit and scope of the subject matter described herein. 
Furthermore, it is to be understood that the invention is 
defined by the appended claims. It will be understood that, in 
general, terms used herein, and especially in the appended 
claims (e.g., bodies of the appended claims) are generally 
intended as “open terms (e.g., the term “including should 
be interpreted as “including but not limited to the term 
“having should be interpreted as “having at least, the term 
“includes should be interpreted as “includes but is not lim 
ited to.” etc.). If a specific number of an introduced claim 
recitation is intended, such an intent will be explicitly recited 
in the claim, and in the absence of Such recitation no Such 
intent is present. For example, as an aid to understanding, the 
following appended claims may contain usage of the intro 
ductory phrases “at least one' and “one or more to introduce 
claim recitations. However, the use of such phrases should not 
be construed to imply that the introduction of a claim recita 
tion by the indefinite articles “a” or “an limits any particular 
claim containing Such introduced claim recitation to inven 
tions containing only one such recitation, even when the same 
claim includes the introductory phrases “one or more' or “at 
least one' and indefinite articles such as “a” or “an' (e.g., “a” 
and/or “an should typically be interpreted to mean “at least 
one' or “one or more); the same holds true for the use of 
definite articles used to introduce claim recitations. In addi 
tion, even if a specific number of an introduced claim recita 
tion is explicitly recited, those skilled in the art will recognize 
that such recitation should typically be interpreted to mean at 
least the recited number (e.g., the bare recitation of “two 
recitations, without other modifiers, typically means at least 
two recitations, or two or more recitations). Furthermore, in 
those instances where a convention analogous to “at least one 
of A, B, and C, etc. is used, in general Such a construction is 
intended in the sense one having skill in the art would under 
stand the convention (e.g., “a system having at least one of A, 
B, and C would include but not be limited to systems that 
have A alone, B alone, C alone, A and B together, A and C 
together, B and C together, and/or A, B, and C together, etc.). 
In those instances where a convention analogous to “at least 
one of A, B, or C, etc. is used, in general Such a construction 
is intended in the sense one having skill in the art would 
understand the convention (e.g., “a system having at least one 
of A, B, or C would include but not be limited to systems that 
have A alone, B alone, C alone, A and B together, A and C 
together, B and C together, and/or A, B, and C together, etc.). 
It will be further understood by those within the art that 
virtually any disjunctive word and/or phrase presenting two 
or more alternative terms, whether in the description, claims, 
or drawings, should be understood to contemplate the possi 
bilities of including one of the terms, either of the terms, or 
both terms. For example, the phrase “A or B will be under 
stood to include the possibilities of “A” or “B” or “A and B.” 
0134. With respect to the appended claims, those skilled in 
the art will appreciate that recited operations therein may 
generally be performed in any order. Examples of such alter 
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nate orderings may include overlapping, interleaved, inter 
rupted, reordered, incremental, preparatory, Supplemental, 
simultaneous, reverse, or other variant orderings, unless con 
text dictates otherwise. With respect to context, even terms 
like “responsive to “related to,” or other past-tense adjec 
tives are generally not intended to exclude Such variants, 
unless context dictates otherwise. 
0.135 While various aspects and embodiments have been 
disclosed herein, other aspects and embodiments are contem 
plated. The various aspects and embodiments disclosed 
herein are for purposes of illustration and are not intended to 
be limiting, with the true scope and spirit being indicated by 
the following claims. 
What is claimed is: 
1. A Surveillance system, comprising: 
a micro-impulse radar configured to Survey a region; and 
a controller configured to receive an input signal from the 

micro-impulse radar, extract from the signal one or more 
physical or physiological attributes corresponding to a 
predicted human stress condition, and output a notifica 
tion signal. 

2-5. (canceled) 
6. The surveillance system of claim 1, wherein the one or 

more physical or physiological attributes includes one or 
more physical and one or more physiological attributes. 

7-8. (canceled) 
9. The surveillance system of claim 1, wherein the control 

ler is further configured to receive or determine a range of the 
one or more physical or physiological attributes correspond 
ing to normal range of human stress conditions in the region. 

10-12. (canceled) 
13. The surveillance system of claim 1, wherein the con 

troller is further configured to determine if the predicted 
human stress condition is anomalous compared to a normal 
range of human stress conditions in the region. 

14-17. (canceled) 
18. The surveillance system of claim 1, further comprising 

a notification interface operatively coupled to the controller; 
and 

wherein the notification signal is output via the notification 
interface. 

19-20. (canceled) 
21. The surveillance system of claim 18, wherein the noti 

fication interface includes an apparatus configured to project 
an optical designation onto or near a person exhibiting an 
anomalous predicted stress condition. 

22-24. (canceled) 
25. The surveillance system of claim 1, further comprising: 
a camera operatively coupled to the controller and config 

ured to capture a still or video image of a person probed 
by the micro-impulse radar. 

26. The surveillance system of claim 25, wherein the con 
troller is further configured to display the still or video image 
of the person probed by the micro-impulse radar via a notifi 
cation interface. 

27. The surveillance system of claim 1, wherein the con 
troller is further configured to determine or infer an identity of 
a person in the region. 

28-29. (canceled) 
30. The surveillance system of claim 27, wherein a mag 

nitude of the predicted stress condition is determined as a 
function of the identity of the person. 

31. (canceled) 
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32. The surveillance system of claim 25, further compris 
ing: 

a computer display; and 
wherein the controller is configured to output to the com 

puter display an image of the person in the region and a 
corresponding indicator of the predicted human stress 
condition corresponding to the person in the region. 

33. The surveillance system of claim 1, wherein the con 
troller is further configured to determine a threat condition 
corresponding to the predicted human stress condition. 

34. The surveillance system of claim 1, wherein the con 
troller is configured to determine whether to output the noti 
fication signal as a function of time of day, a security threat 
status, or a security clearance status of a person in the region. 

35. The surveillance system of claim 1, wherein the con 
troller is further configured to predict the human stress con 
dition. 

36-44. (canceled) 
45. A method for Surveilling persons, comprising: 
probing a region with a micro-impulse radar to produce a 

micro-impulse radar signal; 
decoding from the micro-impulse radar signal physiologi 

cal information corresponding to a person scanned by 
the micro-impulse radar, 

correlating the physiological information to a predicted 
stress condition; and 

providing an indication of the predicted stress condition of 
the person. 

46-51. (canceled) 
52. The method for surveilling persons of claim 45, further 

comprising: 
receiving or determining a range of the physiological infor 

mation corresponding to normal range of human stress 
conditions in the region. 

53. The method for surveilling persons of claim 52, 
wherein receiving or determining the range of physiological 
information corresponding to a normal range of human stress 
conditions further comprises: 

determining the normal range of human stress conditions 
as a function of extracted physiological information. 

54. (canceled) 
55. The method for surveilling persons of claim 45, further 

comprising: 
determining if the predicted human stress condition is 

anomalous compared to a normal range of human stress 
conditions in the region. 

56-58. (canceled) 
59. The method for surveilling persons of claim 45, further 

comprising: 
determining if the predicted human stress condition is 

anomalous; and 
determining, as a function of the predicted human stress 

condition anomaly, whether to output the indication. 
60-62. (canceled) 
63. The method for surveilling persons of claim 45. 

wherein providing the indication includes projecting an opti 
cal designation onto or near the person. 

64. The method for surveilling persons of claim 45. 
wherein providing the indication includes outputting infor 
mation to a computer display. 

65. The method for surveilling persons of claim 45, further 
comprising: 

capturing a still or video image of the person Scanned by 
the micro-impulse radar with a camera. 
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66. The method for surveilling persons of claim 65, further 
comprising: 

displaying the still or video image of the person Scanned by 
the micro-impulse radar via a notification interface. 

67-72. (canceled) 
73. The method for surveilling persons of claim 45. 

wherein correlating the physiological information to a pre 
dicted stress condition includes performing a statistical 
analysis to maximize similarities or minimize differences 
according to a joint fit of a plurality of decoded physiological 
information to physiological information corresponding to a 
plurality of human stress conditions. 

74-77. (canceled) 
78. The method for surveilling persons of claim 45, further 

comprising: 
determining or inferring an identity of the person. 
79. The method for surveilling persons of claim 78, 

wherein the identity of the person is determined or inferred 
using biometric recognition or by reading an identity indicia 
carried by the person. 

80. (canceled) 
81. The method for surveilling persons of claim 78, 

wherein correlating the physiological information to a pre 
dicted stress condition is performed as a function of the iden 
tity of the person. 

82-120. (canceled) 
121. A system configured to track a person exhibiting a 

stress condition, comprising: 
a first micro-impulse radar configured to probe a first 

region at least partially occupied by a person and pro 
duce first micro-impulse radar data related to one or 
more first attributes of the person; 

a first computer processing resource operatively coupled to 
the first micro-impulse radar and configured to predicta 
stress condition of the person from the one or more first 
attributes of the person included in the first micro-im 
pulse radar data; 

a camera configured to capture one or more images of the 
person; and 

a second computer processing resource operatively 
coupled to the first computer processing resource and 
the camera, and configured to correlate the predicted 
stress condition with the one or more images of the 
person. 

122-123. (canceled) 
124. The system configured to track a person exhibiting a 

stress condition of claim 121, further comprising: 
at least one second camera operatively coupled to the sec 

ond computer processing resource and configured to 
capture at least one image of the person in at least a 
second region; and 

wherein the second computing resource is configured to 
operate the at least one second camera to track the person 
as the person moves between a field-of-view of the first 
camera and the second region. 

125. The system configured to track a person exhibiting a 
stress condition of claim 124, further comprising: 

a human interface configured to provide information to a 
second person; and 

a third computer processing resource operatively coupled 
to the human interface, the second computer processing 
resource, the camera, the at least one second camera, and 
the first computer processing resource, the third com 
puter processing resource being configured to present 
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information including images of the person and infor 
mation related to the predicted stress condition of the 
person as the person moves between regions. 

126-137. (canceled) 
138. The system configured to track a person exhibiting a 

stress condition of claim 121, further comprising: 
a notification interface operatively coupled to the first com 

puter processing resource; 
wherein the first computer processing resource is further 

configured to output notification data or a notification 
signal via the notification interface for at least some 
predicted stress conditions. 

139. The system configured to track a person exhibiting a 
stress condition of claim 138, wherein the first computer 
processing resource is configured to compare the predicted 
stress condition to a range of stress conditions, infer a risk 
condition, and output the notification data or notification 
signal when the risk condition corresponds to a condition 
where a risk is posed to the person or to others. 

140-141. (canceled) 
142. The system configured to track a person exhibiting a 

stress condition of claim 121, wherein the one or more first 
attributes of the person include one or more physical 
attributes, one or more physiological attributes, or one or 
more physical attributes and one or more physiological 
attributes. 

143-148. (canceled) 
149. A method for tracking a person with a stress condition, 

comprising: 
probing a person with a micro-impulse radar to produce a 

micro-impulse radar signal; 
analyzing the micro-impulse radar signal to determine a 

predicted stress condition corresponding to the person; 
correlating the micro-impulse radar signal with a video 

image of the person; and 
using video image processing to track the movements of 

the person with at least one video camera. 
150-153. (canceled) 
154. The method for tracking a person with a stress condi 

tion of claim 149, wherein the micro-impulse radar signal 
includes data corresponding to one or more first attributes of 
the person; and 

wherein analyzing the micro-impulse radar signal to deter 
mine a predicted stress condition corresponding to the 
person includes correlating the one or more first 
attributes to the predicted stress condition. 

155. The method for tracking a person with a stress condi 
tion of claim 154, wherein the one or more first attributes of 
the person include one or more physical attributes, one or 
more physiological attributes, or one or more physical 
attributes and one or more physiological attributes. 

156-159. (canceled) 
160. The method for tracking a person with a stress condi 

tion of claim 149, wherein analyzing the micro-impulse radar 
signal to determine a predicted stress condition correspond 
ing to the person includes comparing the predicted stress 
condition to a range of stress conditions; and 

further comprising: 
inferring a risk condition corresponding to the person. 
161-165. (canceled) 
166. The method for tracking a person with a stress condi 

tion of claim 149, wherein correlating the micro-impulse 
radar signal with a video image of the person includes corre 
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lating a location of the person in the micro-impulse radar 
signal to a location of the person in the video image. 

167. The method for tracking a person with a stress condi 
tion of claim 149, further comprising: 

correlating a second micro-impulse radar signal with a 
second video image of the person; and 

wherein using video image processing to track the move 
ments of the person with at least one video camera 
includes determining a correlation between the video 
image and the second video image of the person. 

168. The method for tracking a person with a stress condi 
tion of claim 149, wherein using video image processing to 
track the movements of the person with at least one video 
camera includes tracking movements of the person as the 
person moves between fields of view of two or more video 
CaCaS. 

169. The method for tracking a person with a stress condi 
tion of claim 149, wherein using video image processing to 
track the movements of the person with at least one video 
camera includes controlling the at least one video camera to 
keep the person in a field-of-view of the at least one video 
CaCa. 

170. The method for tracking a person with a stress condi 
tion of claim 149, further comprising: 

outputting the video image of the person and the predicted 
stress condition of the person via a human interface. 

171-223. (canceled) 
224. A method for evaluating a risk condition correspond 

ing to a person, comprising: 
operating a micro-impulse radar configured to probe a 

plurality of persons to produce a micro-impulse radar 
signal; 

determining one or more physiological parameters from 
the micro-impulse radar signal corresponding to each of 
the plurality of persons; 

analyzing the one or more physiological parameters; and 
indicating a person whose one or more physiological 

parameters are functionally related to the one or more 
physiological parameters of other persons. 

225-230. (canceled) 
231. The method for evaluating a risk condition corre 

sponding to a person of claim 224, further comprising: 
comparing the one or more physiological parameters cor 

responding to each person to a function of the one or 
more physiological parameters from the plurality of per 
SOS. 

232-235. (canceled) 
236. The method for evaluating a risk condition corre 

sponding to a person of claim 224, wherein analyzing the one 
or more physiological parameters includes performing a joint 
fit between one or more physiological parameters from a 
plurality of persons to determine one or more persons exhib 
iting outlying physiological parameters. 

237-241. (canceled) 
242. The method for evaluating a risk condition corre 

sponding to a person of claim 224, wherein the one or more 
physiological parameters includes one or more of heart rate, 
respiration rate, heart anomaly, respiration anomaly, magni 
tude of heartbeat, magnitude of respiration, a rate or magni 
tude of inhalation, a rate or magnitude of exhalation, a tremor 
of all or part of a body, intracyclic characteristic of a heart 
beat, intracyclic characteristic of respiration, or digestive 
muscle activity. 
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243. The method for evaluating a risk condition corre 
sponding to a person of claim 224, wherein the one or more 
physiological parameters includes one or more of heart rate, 
respiration rate, and body movements. 

244. The method for evaluating a risk condition corre 
sponding to a person of claim 224, further comprising: 

determining one or more physical parameters from each of 
the plurality of persons; 

analyzing the one or more physical parameters; and 
wherein indicating a person includes indicating a person 
whose one or more physical parameters are functionally 
related to the one or more physical parameters of other 
persons. 
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245. The method for evaluating a risk condition corre 
sponding to a person of claim 244, wherein the one or more 
physical parameters includes one or more of body size, body 
mass, height, body shape, posture, body permittivity, carried 
or otherwise associated articles, detectable body ornamenta 
tion, or body movements. 

246. The method for evaluating a risk condition corre 
sponding to a person of claim 244, wherein the one or more 
physical parameters includes a carried article including a 
weapon. 

247-271. (canceled) 
c c c c c 


